Intracellular methylglyoxal induces oxidative damage to pancreatic beta cell line INS-1 cell through Ire1α-JNK and mitochondrial apoptotic pathway.
An increased intracellular methylglyoxal (MGO) under hyperglycemia led to pancreatic beta cell death. However, its mechanism in which way with MGO induced beta cell death remains unknown. We investigated both high glucose and MGO treatment significantly inclined intracellular MGO concentration and inhibited cell viability in vitro. MGO treatment also triggered intracellular advanced glycation end products (AGEs) formation, declined mitochondrial membrane potential (MMP), increased oxidative stress and the expression of ER stress mediators Grp78/Bip and p-PERK; activated mitochondrial apoptotic pathway, which could mimic by Glo1 knockdown. Aminoguanidine (AG), a MGO scavenger, however, prevented AGEs formation and MGO-induced cell death by inhibiting oxidative stress and ER stress. Furthermore, both antioxidant N-acetylcysteine (NAC) and ER stress inhibitor 4-phenylbutyrate (4-PBA) could attenuate MGO-induced cell death through ameliorating ER stress. MGO treatment down-regulated Ire1α, a key ER stress mediator, increased JNK phosphorylation and activated mitochondrial apoptosis; down-regulated Bcl-2 expression which could be attenuated by the JNK inhibitor SP600125 and further inhibited cytochrome c leakage from mitochondria and blocked the conversion of pro caspase 3 into cleaved caspase 3, all these might contribute to the inhibition of INS-1 cell apoptosis. Ire1α down-regulation by Ire1α siRNAs mimicked MGO-induced cytotoxicity by activating the JNK phosphorylation and mitochondrial apoptotic pathway. In summary, we demonstrated that increased intracellular MGO induced cytotoxicity in INS-1 cells primarily by activating oxidative stress and further triggering mitochondrial apoptotic pathway, and ER stress-mediated Ire1α-JNK pathway. These findings may have implication on new mechanism of glucotoxicity-mediated pancreatic beta-cell dysfunction.